The frequency of short gamma-ray bursts (GRBs) in galaxies of different spectral type is used here to constrain the lifetime of the progenitors. On average, early-type galaxies have their stars formed earlier than late-type galaxies, and this difference, together with the time delay between progenitor formation and short GRB outburst, leads to different burst rates in the two types of galaxies. Presently available data suggest, but not yet prove, that the short GRB rate in early-type galaxies may be higher than it is in late-type galaxies. This suggests that, unlike Type Ia supernovae, at least half of the short GRB progenitors that can outburst within a Hubble time have lifetimes greater than 10 Gyr. Models of the probability distribution of time delays, here parametrized as P (τ ) ∝ τ n , with n 3/2 are favored. This apparent long time delay and the fact that early-type galaxies in clusters make a substantial contribution to the local stellar mass inventory can explain the observed preponderance of short GRBs in galaxy clusters.
INTRODUCTION
The progenitors of short duration, hard spectrum, gamma-ray bursts (GRBs) are not yet well identified. Even with the recent localizations of four shorthard GRBs (Bloom et al. 2005; Gehrels et al. 2005; Villasenor et al. 2005; Berger et al. 2005; Fox et al. 2005) , no transient emission has been found that directly constrains the nature of the progenitor system. The current view of most researchers is that GRBs arise in a very small fraction of stars that undergo a catastrophic energy release event toward the end of their evolution (e.g., Rosswog & Ramirez-Ruiz 2003; Lee et al. 2004; Aloy et al. 2005; MacFadyen et al. 2005; Levan et al. 2006) . Much of the current effort is dedicated to understanding the different progenitor scenarios and trying to determine how the progenitor and the burst environment can affect the observable burst and afterglow characteristics (e.g., Lee et al. 2005) . We suggest here that the lifetime of progenitors of short bursts can be meaningfully constrained by properties of their host galaxies.
Based on the short burst afterglows localized so far, three of four cases (GRB 050509b, GRB 050724 and GRB 050813) are plausibly associated with galaxies exhibiting characteristic early-type spectra Bloom et al. 2005; Gehrels et al. 2005; Prochaska et al. 2005) . In the fourth case (GRB 050709), the host galaxy exhibits strong emission lines that indicate ongoing star formation Prochaska et al. 2005) . There is also independent support that, at least two of the four bursts are associated with clusters of galaxies (Bloom et al. 2005; Gladders et al. 2005; Pedersen et al. 2005) . In contrast to what is found for long-soft GRBs, for which all of the confirmed host galaxies are actively forming stars (e.g., Trentham et al. 2002;  1 Institute for Advanced Study, Einstein Drive, Princeton, NJ 08540; zhengz,enrico@ias.edu 2 Hubble Fellow 3 Chandra Fellow Christensen et al. 2004 ), these observations clearly signify that, like Type Ia supernovae, short GRBs are triggered in galaxies of all types. What is more, it indicates that there is a time delay between short burst occurrence and the main epoch of star formation activity in the hosts, as determined by the progenitor's lifetime. In this Letter, we show how the lifetime of short GRB progenitors can be deduced from the burst rates in host galaxies of different types. The layout is as follows. In § 2, we review the local stellar budgets in early-and late-type galaxies. The total star formation history is subsequently decomposed in § 3 into a sum of the stars that assembled in today's early-and late-type galaxies. With the decomposition in place, in § 4, we show how the frequency of short GRBs in a well-defined sample of host galaxies of different spectral types can be used to constrain the lifetime of the progenitors. Finally, in § 5 we summarize our results and outline future prospects. Throughout this Letter, we assume a spatially-flat ΛCDM cosmology with Ω m = 1−Ω Λ = 0.3 and the Hubble constant h = 0.7 in units of 100km s −1 Mpc −1 .
THE LOCAL STELLAR MASS INVENTORY
The focus of this Letter, is the relatively local (z ∼ 0) host galaxy population, but our study can be easily generalized to any redshift. The main idea is to use the difference in the star formation history of the local earlyand late-type galaxies to probe the lifetime distribution of short GRB progenitors. On average, early-type galaxies have their stars formed earlier than late-type galaxies, and this difference, together with the delay time for short GRB outburst, leads to different burst rates in these two types of galaxies. As shown in § 3, our method of inferring the star formation history relies on extrapolating backwards in time the assembly of the stellar mass in galaxies at z = 0. For this reason, in this section, we briefly review the local stellar mass budgets in galaxies of different spectral type.
With a universally applicable stellar initial mass function (IMF), the stellar mass function (MF) of galaxies -The local stellar mass density from galaxies of different spectral types. The histogram with errorbars is for galaxies of all types while the dashed curve is a Schetchter function fit to the stellar mass function of the entire galaxy sample. Red and blue histograms are for early-and late-type galaxies, respectively. The early-and late-type galaxies are divided according to their color (dotted) or light concentration (solid). This plot is based on the galaxy stellar mass functions derived by Bell et al. (2003) .
can be estimated from well-defined samples of galaxies. Galaxy MFs have been measured based on a few large galaxy redshift surveys (e.g., Kauffmann et al. 2003; Bell et al. 2003) . For the calculations presented here, we adopt the galaxy MF measured by Bell et al. (2003) using a large sample of galaxies from the Two Micron All Sky Survey (2MASS) and the Sloan Digital Sky Survey (SDSS). The Bell et al. catalog provides welldefined samples of galaxies of different spectral types as defined by either the light concentration or the color of galaxies.
In Figure 1 , we show the stellar MF, φ, multiplied by the stellar mass, M star , for galaxies of different spectral types. The quantity ρ star (M star ) = M star φ(M star ) is the stellar mass density contributed by galaxies with stellar mass M star . The peak of ρ star for galaxies of all types comes from M * galaxies, where M * ∼ 10 11 M ⊙ is the characteristic stellar mass derived from the Schechter function fit. The stellar mass density distribution for late-type galaxies peaks at masses slightly less than M * and has a tail extending to low stellar masses. Early-type galaxies have a narrow stellar mass density distribution around M * and dominate the local stellar mass budget above a few times 10 10 M ⊙ . Although early-type galaxies are far less in total number than late-type galaxies, they are on average more massive and thus make a larger contribution to the local stellar mass density. The total stellar mass from early-type galaxies is about 1.3 (2.3) times that from late-type galaxies, if the classification of galaxy types is based on light concentration (color).
If early-and late-type galaxies had similar star formation histories, then the ratio of the short GRB rates in galaxies of different types would simply be given by the ratio of the stellar mass density in these galaxies. However, the two types of galaxies have distinct star forma- -Star formation histories for z ∼ 0 galaxies of different spectral types. The total star formation history (solid) is decomposed into two parts -formation histories of stars that are now in the z ∼ 0 early-(dotted) and late-type galaxies (dashed). Early-and late-type galaxies are defined by the concentration of their light profile, corresponding to the solid histograms in Fig.1 .
tion histories -on average, stellar populations in earlytype galaxies are older than those in late-type galaxies. For this reason, the delay time between formation and the short GRB outburst plays an important role in determining the burst rates in these two different galaxy types.
THE STAR FORMATION HISTORY OF GALAXIES
The cosmic star formation history (SFH), which includes stars forming in both early-and late-type galaxies, can be probed by the rest-frame UV luminosity density (e.g., Madau et al. 1996 ). An analytic formula for the cosmic star formation rate (SFR) per unit comoving volume is adopted here, as given in Porciani & Madau (2001) ,
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(1) The functional form of the SFR given in (1) gives a good description of the observations at low redshift (z < 4), but stays constant at high redshift, which is unlikely to be correct and needs some modifications (see below).
In addition to the total SFH, we are also interested in knowing the SFH for stars residing in galaxies of different types. More specifically, given the z ∼ 0 early-and latetype galaxy populations, our aim is to understand how the stars in these two different types of galaxies were pieced together. We, of course, only need to know the SFH for galaxies of one type, as the SFH for the other type can be easily derived by subtracting the known contribution from the total SFH in equation (1).
Ideally, to determine the SFH of a given population of z ∼ 0 galaxies, one would like to empirically derive their assembly history. Alternatively, we can study the stellar population in z ∼ 0 galaxies to infer their SFH. The former is not a trivial problem and the latter may suffer from problems like the age-metallicity degeneracy. Even though it is desirable to empirically infer the SFH as a function of galaxy type eventually, we take a theoretical approach here by using the SFH predicted by galaxy formation models. The uncertainties in this approach are discussed later.
De Lucia et al. (2005) studied the formation history of elliptical galaxies using a galaxy formation model based on the Millennium Simulation of the concordance ΛCDM cosmology . They calculated the average SFH of z ∼ 0 elliptical galaxies of various stellar masses. If we identify ellipticals as early-type galaxies, we can then compute their average star formation rate (M ⊙ yr −1 Mpc −3 ) as a function of redshift using
where φ E (M star ) is the z = 0 stellar MF of early-type galaxies derived by Bell et al. (2003) , and
star ) is the average SFR per stellar mass for a z = 0 elliptical galaxy of stellar mass M star . In what follows, we adopt the different galaxy type samples of Bell et al. (2003) derived using the light concentration parameter. The function dF (M star , z)/dM star is obtained by spline interpolation between the curves presented in De Lucia et al. (2005) . The result of the average star formation history of the z = 0 early-type galaxies is shown as the dotted curve in Figure 2 . It peaks at a look-back time of about ∼12 Gyr and then rapidly declines at low redshift.
The average SFH for the z = 0 late-type galaxies, computed by subtracting (2) from (1), is shown as a dashed curve in Figure 2 . We note here that the analytical SFR in (1) for galaxies of all types has been scaled up by 50% to make it more consistent with recent estimates (e.g., Pérez-González et al. 2005 ). The scaled SFR in (1) has a slightly higher amplitude than the early-type SFR at lookback times greater than 12 Gyr. We do not interpret the residual as a contribution of late-type galaxies to the SFR but rather regard it as the result of the inaccuracy of the model. For this reason, we have assumed the SFR for late-type galaxies at these epochs to be zero.
The average SFR for the z = 0 late-type galaxies has a steep rising starting at lookback times of ∼11 Gyr, subsequently peaking at ∼9 Gyr, and slowly declining thereafter. The SFR becomes increasingly dominated by late-type galaxies from lookback times of ∼9 Gyr to the present epoch.
CONSTRAINTS ON THE LIFETIME OF SHORT GRB PROGENITORS
The short GRB rate is a convolution of the SFR and the distribution of time delays between formation and outburst (e.g., Piran 1992)
where the subscript i denotes the type of galaxies in consideration, P (τ ) is the probability distribution of the time delay τ , and C is a normalization constant. In principle, details of the star formation process may be related to the assembly history of galaxies. Therefore, the distribution P (τ ) and the normalization constant C could -The ratio of short GRB rates in early-and late-type galaxies at z ∼ 0 as a function of the index n of the progenitor lifetime distribution P (τ ) ∝ τ n .
be different for different types of galaxies. We make the simple assumption here that this dependence is weak so that the same distribution and normalization is used for all types of galaxies.
The distribution P (τ ) of the time delay for short GRB is not yet well understood. It can be constrained using, for example, the burst rate as a function of redshift (e.g., Nakar et al. 2005; Guetta & Piran 2005; Ando 2004 ). This method makes use of the luminosity function of short GRBs and its redshift evolution, which are plagued with uncertainties. To avoid such complications, here we propose to use the local rates of short GRBs in different types of galaxies as an alternative and complementary method to constrain the probability distribution P (τ ). As an illustration, we adopt a simple parameterization, P (τ ) = τ n , and calculate the ratio of rates of short GRBs at z = 0 in early-and late-type galaxies as a function of n. Figure 3 shows the results of such an exercise.
For larger n, the distribution P is weighted more toward longer time delays, so that early-type z ∼ 0 galaxies, which on average form their stars earlier than latetype z ∼ 0 galaxies, are more likely to host short GRBs. For smaller (negative) n, short GRB progenitor systems with shorter time delays would dominate and one would be more likely to find them in late-type galaxies. For n < −3/2, short GRB progenitors would be those with very short time delays so that the short GRB rate ratio is basically determined by the ratio of the z ∼ 0 SFRs in early-and late-type galaxies.
Our calculation is based on z ∼ 0 galaxy populations. Of the four observed host galaxies of short GRBs, three of them (two elliptical galaxies and one star-forming galaxy) are at z ∼ 0.2, and the other (elliptical galaxy) is at z ∼ 0.7. If we ignore the redshift difference, the value of the burst ratio in early-and late-type galaxies (2 from the three z ∼ 0.2 bursts or 3 from all four bursts) alludes to a probability distribution with n > 3/2, thus favoring long delay times. This is in contrast to what is found in Type Ia supernovae, for which the relatively low frequency in early-type galaxies (e.g., van den Bergh 1990) yields n ≤ −1. If we take 14 Gyr as an upper limit for the delay time, which allows short GRB progenitors to outburst within a Hubble time, and a distribution P (τ ) with n = 3/2, we find that about half of progenitors of short GRBs should have lifetimes longer than ∼10.6 Gyr. If the distribution P (τ ) is assumed to have a log-normal form, there are a series of combinations of the mean and the width that can make the burst rate ratio in earlyand late-type galaxies to be about two at z ∼ 0. We find that, for progenitors that can outburst within a Hubble time, half of them have lifetimes longer than ∼10.3-10.7 Gyr, close to what is found for the power-law distribution case. In fact, a quick estimate can be made by assuming that P (τ ) is a δ function. In this case, the delay time is just the lookback time when the ratio of SFRs in earlyand late-type galaxies is equal to the burst rate ratio. Again, this gives a delay time ∼10.4 Gyr. Obviously, the above calculation is only sketchy and should be taken as an order of magnitude estimate at present. However, it should improve as more host galaxies of short GRBs are detected and the modeling gets more precise.
DISCUSSION
In the local universe, about 55-70% of the stellar mass is in early-type galaxies and the corresponding stars mainly formed about 10 Gyr ago. Three of the four host galaxies of short GRBs found so far are associated with old and massive galaxies with little current or recent star formation, which makes it unlikely that short bursts are associated with massive stars. Presently available data suggests, but not yet prove, a long time delay between the formation of the progenitor system and the short GRB outburst -for progenitors that can outburst within a Hubble time, about half of them have lifetime longer than ∼10 Gyr. It is fair to conclude that, based on the current host galaxy sample, the progenitors of short GRBs appears to be longer lived than those of Type Ia supernovae.
The lifetime of the progenitor systems is estimated here by using the SFH of elliptical galaxies from a galaxy formation model. This allow us to separate the early-and late-type galaxy contributions to the overall cosmic SFH. It would, however, be more precise to infer SFHs of different types of galaxies by modeling the observed spectra with stellar population synthesis models. In either case, the uncertainty in the derived SFHs should be folded into the errors derived by this method for the distribution of time delays of short GRB progenitors. In our calculation, different definitions of early-type galaxies (by color or by light concentration) may introduce at most a factor of two uncertainty in the SFH. This, in principle, would not be a problem since we can choose to use the same definition for identifying the short GRB host galaxy type. In this Letter, we limit our study to z ∼ 0 galaxies, but the method can be easily generalized to galaxy populations at any redshift provided that one can accurately infer their SFHs. However, for applications at high redshift to be useful, the luminosity function of short GRBs has to be understood.
Throughout this paper we have assumed the same lifetime distribution of short GRB progenitors in both earlyand late-type galaxies. However, star formation processes in these two types of galaxies may not be identical. For example, elliptical galaxies can form by the merging of two gas-rich galaxies (e.g., Mihos & Hernquist 1994) . Many globular clusters can form in the merging process (Schweizer 2003) , which could enhance, for example, the fraction of binary progenitors and also change the lifetime distribution. The magnitude of this kind of effect on the GRB progenitors is a formidable challenge to theorists and to computational techniques. It is, also, a formidable challenge for observers, in their quest for detecting minute details in extremely faint and distant sources.
Two of the four short GRB host galaxies are found in cluster environments. There may exist a selection bias of detecting short GRBs in a dense medium (Bloom et al. 2005) . To study the association of short GRBs with clusters, it would be useful to separate the stellar mass function into that for field galaxies and that for cluster galaxies in addition to early-and late-type galaxies. More promising for the immediate future, the preponderance of cluster environments can be investigated observationally. Important information may be gained by studying the local stellar mass inventory shown in Figure 1 . Approximately 50% of the stellar mass contents in early-type galaxies are in galaxies with M star > 10 11 M ⊙ that typically reside in clusters. Since it is likely that in clusters galaxies shut off their star formation process early on, a long progenitor lifetime further increases the tendency for short GRBs to happen in cluster galaxies. It is fair to conclude that the observed preponderance of cluster environments for short GRBs is consistent with an old stellar population that preferentially resides in early-type galaxies.
Detailed observations of the astrophysics of individual GRB host galaxies may be essential before stringent constraints on the lifetime of short GRB progenitors can be placed. If confirmed with further host observations, this tendency of short GRB progenitors to be relatively old can help differentiate between various ways of forming a short GRB.
